Prelab Preparation
For this exercise, the virus can be inactivated prior to use in the lab to allow students to work on the benchtop, rather than in the biosafety cabinet. The virus can be inactivated by treatment with 0.02% formalin overnight at 37 C(12). It is not necessary to remove the formalin prior to the hemagglutination assay. If inactivated virus is used, aliquots should tested for inactivation on the M2-complementing cell line prior to their use by students. Prior to the laboratory session, the chicken red blood cells need to be washed to remove hemoglobin in the solution that could make interpretation of the assay difficult. This will need to be done either immediately prior to the lab session or as much as 1 day prior to the lab session, depending on the freshness of the cells. More time can elapse between washing and using the cells if they are fresh. 1) Transfer the chicken red blood cells to a 50 ml conical tube.
2) Wash the cells by adding cold Alsiever's solution until the total volume in the tube is 40-50 ml, centrifuging the tube in a table top centrifuge at 1200 rpm in a swinging bucket rotor and aspirating the supernatant and any visible buffy coat. 3) Repeat step 2 until the supernatant is clear and nearly colorless. 4) Estimate the volume of the cell pellet and resuspend in Alsever's solution so that the final concentration of cells is approximately 20%. This solution can be stored at 4° C for 1-3 weeks. Storage of the cells for more than about 3 days will require that the cells are washed again (at least once) prior to use. 5) Immediately prior to the laboratory session, dilute the washed cells in PBS to 0.5%. Each replicate will require 0.6 ml of cells, so for convenience and to allow for losses in pipetting, students should be provided with approximately 1 ml of cells per replicate.
Student Protocol.
HA assay. To minimize neuraminidase activity, keep all solutions and assay plates on ice or at 4° C for the duration of the experiment.
1) In the chilled, 96-well plate, pipette 50 µl of cold PBS into each well you will use. (2 rows of 12 wells for each virus sample) 2) Pipette 50 µl of virus into the first well of each row and mix by pipetting up and down 5 times. 3) Change your pipette tip. 4) Transfer 50 µl of virus from the first well into the second well and mix by pipetting up and down 5 times. 5) Repeat this process until all wells contain diluted virus. 6) Discard 50 µl from wells in the last column so that all wells have the same volume of diluted virus. 7) Gently mix the chicken red blood cells by inverting the tube several times. 8) Gently pipette 50 µl of chicken red blood cells into each of the wells in the row starting with the most dilute sample. It is not necessary to mix the samples after adding the red blood cells. Change pipette tips between samples. 9) Incubate on ice for at least 1 hour. 10) Plates can usually be read after approximately 1 hour on ice. Positive wells will have an even layer of red blood cells across the bottom of the well or will appear as if the cells have remained in suspension. Negative wells will contain either a solid cell pellet or a donut-shaped cell pellet in the bottom of the well. 11) For each sample identify the well that contains the least amount of virus and still shows a positive hemagglutination reaction. The HA titer of the original sample is the inverse of the dilution for this well in hemagglutination units (HAU). 12) To verify the reading, transfer the plates to 4° C, and incubate for at least 3 more hours and confirm the previous readings. Overnight incubation at 4° C works well for this.
Appendix 2: Real-time RT-PCR

Materials needed
Commercial RNA extraction kit. The Qiagen QiaAmp minelute virus spin kit works well for this. The IBI viral nucleic acid kit from MidSci was also able to produce positive results. Alternatively, virus samples can be extracted using Trizol and the Direct-zol kit from Zymo Research.
RNAse-free 1.5 ml microfuge tubes RNAse-free 0.2 ml thin-walled PCR tubes Aerosol-resistant micropipette tips ( RNA isolation. Isolate nucleic acid from a sample of influenza A virus using the manufacturer's instructions for the viral nucleic acid isolation kit. The virus in this sample will remain infectious until you mix it with lysis buffer, so it must be worked with in the level 2 biosafety cabinet until that time. Once lysis buffer has been added, samples can be worked with at your lab bench. Elute the viral nucleic acid in 50 µl RNase-free water.
Notes: RNAses are ubiquitous, so take care not to contaminate your sample. a) Wear gloves to keep the RNAses that are on your skin from getting into your sample. b) Always use a clean tip for each pipetting step. c) Use only RNAse-free water for elution of your sample. 2) Elute your sample in 50 µl of RNAse-free water.
3) Vortex the eluted nucleic acid. 4) Either briefly centrifuge the tube or shake the tube so that the sample is at the bottom of the tube. 5) Keep your eluted sample on ice.
Reverse transcription
1) In a thin-walled 0.2 ml tube, set up the following on ice: 5 µl isolated RNA 1 µl RT primer (INFA-F; 2 µM)
2) Heat to 70° C for 5 min 3) Incubate on ice for 5 min 4) Add the following to your RNA/primer mixture in this order: 8 µl RNAse-free water 4 µl 5x Protoscript II Buffer 1 µl dNTP mix (10 mM each) 1 µl Protoscript II reverse transcriptase Mix by pipetting. Once everyone has set up their reaction, take them to the thermocycler and program the following conditions:
42° -30 min 70° -15 min
Real-time PCR Obtain 2 0.2 ml tubes, and set up the following pair of reactions. One reaction will be used to quantify your sample, and the other will be used as a no-template control to verify that the result that you see with your sample is real.
1) Set up a master mix containing all of the reagents that the reactions have in common in one tube (leave out the cDNA and a corresponding volume of water). Once the run is complete: 1) Determine whether there is signal for your virus sample and an absence of signal in your no-template control. 2) Determine whether the dissociation curves for the experiment indicate whether there is a single product or multiple products in the samples. 3) Identify the Ct for your sample and for the standards. 4) Obtain the copy number for each of the standards. 5) Plot Ct vs Log(copy number) for the standards. 6) Use the equation for the linear regression of your standard curve to calculate the copy number for your samples. Seed the cells at 40% confluence and allow them to grow at 37 C / 5% CO2 until the day of the laboratory. When seeding cells for TCID50 assays, omit the puromycin and amantadine. Using this approach, the cells should reach confluence on the day of the experiment.
Appendix 3. TCID50 assay
Materials needed
The incubation periods for both the fixing and staining steps can be extended to whatever is convenient for the laboratory schedule. Cells can remain either in the fixative or in the cell stain for several days at room temperature with no ill effects.
The fixative solution should be treated prior to disposal according to university and local regulations.
Student Protocol
The virus samples that will be used in this experiment have not been inactivated, so this experiment should be carried out entirely in the level 2 biosafety hood. Eye protection, gloves, and lab coats should be worn by everyone.
Setting up the 10-fold dilution series: 1. For each sample, obtain sterile 12x75 mm test tubes and set up 8 tubes in a test tube rack. 2. Add 900 µl of infection medium to each of the test tubes. 3. Add 100 µl of virus sample to the first tube in the series. 4. Change your micropipette tip. 5. Vortex the tube briefly to mix. 6. Transfer 100 µl of sample from the first test tube into the second test tube. 7. Vortex the tube briefly to mix. 8. Repeat this process of transferring 100 µl of sample from each tube to the next tube in the series, changing micropipette tips for each transfer, until you reach the end of the series.
Washing the cells:
It is critical that the cells are washed thoroughly to remove the fetal bovine serum in the growth medium. Any serum that remains can inhibit the trypsin in the infection medium, which is required to activate the fusion protein of the virus. 1. Add sterile PBS to a sterile reagent reservoir. 2. Shake out the medium in the 96-well plate into the Pyrex baking dish. Shake the plate vigorously to get all of the media out of the wells. Turn the plate 180 degrees in your hand and shake it out again to make sure that both ends of the plate have been shaken out completely. 3. Using an 8-channel micropipette, transfer 100 µl of sterile PBS to each well in the plate. Pipette the solution along the side of the well, rather than directly down onto the cells to avoid disrupting the monolayer. 4. Repeat steps 2 and 3 for a total of 2 PBS washes of the cells.
Plating the virus 1. Thoroughly shake out the final PBS wash. 2. Starting with the most dilute sample (10 -8 dilution), add 100 µl of diluted virus to 6 of the wells in row H of the plate. 3. Add 100 µl of the 10 -7 dilution to 6 of the wells in row G of the plate. It is not necessary to change pipette tips between dilutions, as long as the tip remains sterile and you start with the most dilute sample. 4. Continue adding virus sample to 6 wells in each row until all of the virus samples have been added to the plate. 5. Place the plate in the tissue culture incubator for 3 days.
Fixing and staining the cells.
1. Fix the cells and inactivate any virus in the samples by adding 100 µl of 2% formaldehyde in PBS to each well using an 8-channel micropipettor. 2. Incubate at room temperature for at least 1 hour. 3. Shake out the fixative and add cell stain to each well using the wash bottle. 4. Incubate at room temperature for at least 2 hours and up to several days. 5. Shake out the cell stain and wash the plate under running tap water. Keep the plate tilted so that the water does not run directly on the cell monolayer. Shake out the water and continue to wash until the water coming from the plate is clear and all stain solution has been removed.
TCID50 calculations:
This method works if all dilutions are 10-fold, which is appropriate for most viruses. Adjustments must be made if other dilution schemes are used.
If there is a dilution with half of the wells cleared: Your titer is simply the dilution factor of that dilution. Be sure to take into account the volume of dilution you plated. For example: if you plated the sample with a dilution factor of 10 4 , and half of the wells in that row are cleared, your titer is 10 4 TCID50/0.1 ml or 10 5 TCID50/ml.
If there is no dilution with half of the wells cleared, you must interpolate the 50% endpoint: 1. Calculate the log of all of dilutions you used. 2. Calculate the proportionate distance (PD) between the 50% endpoint and the lowest dilution with more than 50% clearance. This is done using the following formula: % 50% − 50 % 50% − % 50%
3. Multiply the dilution with clearance above 50% by -1 and then add PD. 4. Take the antilog of the result of step 2. 5. Account for volume plated and report TCID50/ml. This appears to be due to M2 expression, since the parental MDCK cells tend to remain viable under agarose overlay without an issue. To compensate for this issue, the MDCK-M2Udorn cells must be grown to confluence and maintained at confluence for a minimum of 4 days prior to infection/overlay. Cells should be fed with cell maintenance medium every 3 days while being maintained at confluence. One day prior to the infection/overlay the cells should be fed with cell maintenance medium in which the amantadine has been omitted.
Prior to the lab session, make up and autoclave the 3% agarose solution, and aliquot into 50 ml conical tubes. Each plate will need 1 tube with 15 ml of 3% agarose. Place the tubes in a 55 C water bath.
